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ABSTRACT

Recent <studies have <chown that the data proce2szing
industryY hacs a very savere problem to sclve. In the next fzw
Yeare there 1s gcing toc be an extensive increase in milliaons
of insztructions per csecond fMIPS):available due to increases
in hardware technology. It ig imperative that the csoftware
development industry find ways to utilize this capability,.
Increazed programmer productivity 1ig the lkey.

This thesis introduces the Information Center concert
that will allow management toc better utilize existing data
pracessing capability by providing ucers the tools reguired
tfor increased software productivity.

An actual 3overnment incstallation is used acs an example
of using a modern Systems Analysis approach in the
installation of an Infogrmation Center.

Industry trends are discuscsed and the debate ¢ f

centralization versus decentralization presented.
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I. INTRODUCTION

A. CONTEXT OF THE STUDY AND BACKGROUND

This thesis deals with the subject of an Information

o}

u . Center as 3seen from a manageres point of view. It 1 an

innovative departure from the existing, well ecstablished

concept introduced by IBM several Years ago. Instead of being

. primarily a service group involved 1in providing information

and sourcez of information, this newer concept provides a

rather all-inclusive approach in trYing to cope with the

overwhelming problems of increasing software development
efficiencyY and programmer productivity. In many acpects, the

Information Center concept presented integrates the major

I[ data processing areas such as the Management Information

' System, the Database Administration, and Software Development
activities of an organizatian,

II This new concept of an Information Center also covers
cuch areas az hardware and software acquisition, physical and
software security, and instruction and training on wmodern

| Software Engineering principles and practices. The prime
impetus for this study is the almost evoluticnary

. proliferation of data processing capability, (both hardware
and software) at all levels of many organizations. Although

this paper describecs a particular organization, it can easily
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be extrapolated to other organizations, especially within the
Federal Government's scientific laboratory community.

An Information Center (I/C) is normally part of a larger
organization called a Management Information System (MIS). In
the 1970's, much attention was focused upon MI3 develorpment.
These systems were decsigned to provide managers with
information needed for effective planning, control, and
decision making., In the 1980's this emphasis will continue in
order to improve the productivity of managers at all levels.

A precise definition of an I/C ie¢ difficult because the
concept is changing continucusly., The tremendous increase in
management information regquirements have ctepped up the
demands of laboratory and administrative personnel far
expanded, wmore efficient, and better integrated information
services, The result has been a trend to consclidate the
technical expertise in all aspects of computer hardware and
csoftware engineering within a single facility.

Mu_h of the 1literature today talks of a ¢e¢pecialized
Information System. It is called an Information Analvsis
Center (IAC) and does essentially the came function as an
I1/C. One such definition ic:

An information center is a person or group of persons who
has accepted the responcibility to g9ather together evervthing
known that is relevant to a particular well-defined field, to

organize the information in some systematic fashion ¢ that
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they and others will Lknow what information exists, ta
analyze...the new knowledge and to maintain these activitiec
as a long term commitment for a substantial poertion of their
professional career [Ref., 113.

The need for an I/C environment becomes very clear when
you look at <come of the factors that contribute to the
frustration of both users and managers in the data procescsing
field.

This paper will facus on a narrow porticon of the problem,
cspecifically, the efficient utilization of data processing,
ie. the use of microprocessors, minicomputers, and
intelligent data terminals distributed throughout many

crganizations.

B. FORMAT OF THE THESIS

This paper is divided into three major areas. The first
area presents an overview and general discussion of areas of
management coencern involving the incorporation of an I/0C.

The second major area describes the system analysis
methodology that will be wused at a specific government
installation as it prepares to establish an I/C function intao
its organizaticn,

The third area covers industry wide opinions con the
MIS/1C concept and describes present attitudes and general

trends the industry is taliing in this very important area.
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IT. AREAS OF MANAGEMENT CONCERN

A. USER REQUIREMENTS

As users beccme more knowledgeable about data procezcsing
operations, in part becauce more and more of them use wmicros,
MIS departments are under greater precsure than ever before
to perform and support an ever wider range of DP functiaons.

Most users are very happyY compared to pact Years, and the
reasoin is their wmuch greater involvement in actual DF opera-
tions., One of the best wa¥Ys to involve users it having them
contribute in the process of improving the performance of key
csystems, of setting priority assignments for new
developmental effortes, and of helping to plan for the future
by defining new concerns. [Ref. 2]

Management is especially concerned with service level
reporting, especially on insuring that the DP center responds
quickly to ucser requests.

Part of lkeeping users happy invalves the rapid
dissemination of the data they request. The informaticn
center concept has been developed to meet thic goal. With an
information center, MIS gets a highly visible program for
users and management for a modest investment of effort. The
big plus 1is that the concept promotec a dialogue between MIS

and users., [Ref. 3]
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There is definitely a trend in wmodern cor3anizationz which
chowe a much clocer acsscciaticn between the data gathering
functions and the data analysics and users of the informaticon,
This c¢c3an <clearly be shown in the software programming/
analysic csk11lls teing taught as part of the technical
curriculum at mast colleges and univercsities, and the work
that prcject engineerce are actually doing as part of their
everyday jaobs,

The ucerc of today have become wmuch more knowledgeable
and familiar with computers and computer software. They are
in a much better position to decide how their data iz to be
analyzed.

Even with this cophisticatien, the average ucser cannot

pocscsibhly keep up with the rapidly changing world of computer

14}

and csoftware engineering. Thics ic where the I/C concept 1

u

extremely beneficial 1in that a core of expertice <can be
maintained, not to do,y, but toc guide the usercs in the right
direction talting inte account the principles of wmaocdern
csoftware engineering,

From a social point of view, computers and software are
maling an even deeper 1impact on our personal lives. This
personal involvement also carries over intc the warlking
environment. The 1impact on human welfare precsents several
tremendous challengecs for management and data processing

communities. As an indication of this growth, the following

11
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change. Thece pecople, baoth in-houce government and
cantractars, will be concerned about the analysis grour's
activities. Thics 1= one of the major reascne why it is
imperative that the identity, recsponsibility, and authoraity
of the analysiz grour be well establicshed and docume=nted.
Thie wmust ocriginate from top management and be approved at
the branch lYevel throughout the directerate.

A project file will be established which will contain
tthhese major elements: [Ref. &1

a. Information requests and other directives and
memoranda received kY the group.

k. Flans and schedulecs.

c. Collected documentation and existing studiecs
already perfcrmed.

d. Memoranda and reports produced by the group.

One of the major obcservances of the group during this
initial investigation is the possibility of a vrequired
organizational change. An example of such a recommended
change i1s shown on the updated organizaticonal chart (Figure
3.).

Interviews will be conducted and meetings will te
scheduled, both formal and informal, toc document 2311 of the
DF needs of the directorate.

In addition to interviews, a data element analycic
will be performed. Thics will detail the real requirements of

the ucsers and will assist the analysis group 1in undercstanding
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The MIS data prccecsing requirements of AZATD can be
broken down into three major areasz:

a. Integration with base wide MIS cYcstems used
primarily for NMAVAIRTESTCEMN Prcoject Management
and Financial accounting.

b. Project management information that ig used by
ASATD project engineers te track all pertinent
data ascsociated with ASATD projectecs,.

c. Leocal Administrative data procecssing
requirements which include percsonnel records,
travel, staffing, and branch administrative
support functions.

This paper will address and ke primarily
concerned with wmanagement's concerns and interacticon as it
pertains to the ecstablishment of a loccal MI3 and IC. The
value of thics paper 1ic not in the specifices but in the broad
overview that must be maintained in order to accomplicsh a
manageable pDP csyctem that will support the entire

directorate.

2. Initial Investigation

One of the first csteps in ctarting 3 system analyesis
is getting top management approval and support. Althcough
there 1t a concs=nsus of copinion among the branches that a
new, modern information sYstem ig required, the formé]
structure and organization that will be needed toc rerform the
analysis and to implement the chocsen <cystem has not bLeen
established. When sgtarting the initial 1investigaticon, the
analysis group must contact as many individuals in the ucer

community as poscible that wmay be affected by a3 cycstem

PO R . . . .
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The csvstem 3nalysis of ASATD will be constrained to using
the existing hardware as much as possible with emphasis being
placed on compatibility with the mainframes and exicsting bace

wide MIS,

B. STUDY PHASE

The study phase 1is the first of the four life-cycle
phases. It is the phacse in which problems are identified and
the most feacsible csolution recommended. An initial
investigation is performed, followed by a feasibility
analysie. At the end of the study phacze a report 1icg made
describing the results of the <study and recommendations
presented. [Ref. 73]

1. Problems are lIdentified

An important part af the study phacse i in
identifying the major problems that face the organization 1in
the area of data processing. The overriding 4questicn and
management's greatest concern is how best to utilize the
decentralized data procezsing, ie. the use of minicomputers,
microcomputers, and data terminals, toc satisfy the growing
demands and needs of userc.

There is alsoc a need to integrate managem=nt
information 1into a common local data base and be able to
network this data with centralized data at the Test Center
level. Since an actual organization ic being ucsed tc describe

the system analysis, specific problems can be addressed.
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The Test Center hatcs incorporated a cemi-automated project

tracking system in that a data base 1t resident in the

Computer Systems Directorate (CSD) mainframe systeme and

weelkly reports distributed throughout the directoratecs.

A

Existing facilities include the base wide Computer

L

Systemes Directorate central computer facility that servez the

entire base. It has as major cemponents a large configuration

L

IBM 360/19% coupled with an Amdahl 470 time shkaring sycstem,

The laboratory systems 1include a large configuration Gould

L

S.E.L. 32r7730, several csmaller 32/27 csystems, and a Wang

V890 syctem.

The terminal/PC equipment that will be distributed

throughout the directorate is the Lee Data Corporation’'es "ALL

IN ONE" PC. Thie is a versatile terminal which allows ASYNC é
operation for communication with sny of the local computer :
sY¥stems and also the ability te operate EBISYNC to Ge ?
compatible with the IBM and Amdahl! mainframes at CSD. #

The Lee Data can alsc be used as a stand-alone wmicro- 1
computer which emulates an IBM PC in bath architecture and ?
functions. The Lee Data terminals will ke networked J

throughout the directorate and will be used to access the

centralized 32/7780 via the TOTAL DBMS.

le?egistered Trademark of CINCOM Systems, Inc.
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II1. 5SYSTEM ANALYSIS

A. BACKGROUND

In order to fully describe the MIS/IC concept, an actual
government installation will be used as an example. This
cection of the paper will examine the four phases of the
life-cycle methodology used 1in a8 modern systems analysics
approach to the development of a MIS/IC organization.

The installation to be studied 1is the Antisubwmarine
Aircraft Test Directorate, MNaval Air Test Center, Fatuxent
River, Maryland. The Naval Air Test Center (NAVAIRTESTCEN) is
a major field activity for the Naval Air Systems Command,
Washington, D.C.

The Antisubmarine Aircraft Test Directovrate (ASATD} 1is
one of six major directorates within NAVAIRTESTCEN. The
primary tacslk of ASATD is to rerform Test and Evaluation (T&E)
on the Navy's newest and Jlatest designed airborne weapon
systems. Of particular interest are thocse projects which
involve the T&E of Antisubmarine Warfare (ASW) aircraft or
weapon sYstewms. Figure 2. shows the present organizational
chart of ASATD.

In recent Yearcs there has been a tremendous growth in
data processing directly related to project testing. The
project engineers find themselves devoting more and more time

trying to keep up with project tracking.

19
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o The I/C is an organization that ic recsponsible to users

and is required to perform such taske as: CRef, 61

t 1. Analyzing user support needs

. Acscsisting with the development of management
reports and data

AMENSA B, % R .2

3
3. GQGuiding the users to the appropriate source far the
hi solution to their problem, including non I1/C
approaches ac the situation indicates

4, Training and guiding the users as they develop the
solution to their problems

Y WA IS W Y

S. Helping users evaluate benefits

r 6. Identifying and introducing new users to the 1/C
. 7. Identifying and introducing new ADP rescurces into
r; the organization

g The I/C must be designed to fully support the most

£ up~to-date methods of modern systems analysis and csoftware

engineering. The personnel! of the I1/C wmust encourage good ) i
programming practice such as cstructured programming,

extencive uce of high level languages, modern DBMS use, and

appropriate documentation standards. A wmodern and effeactive
technical 1library is also a required functien of an 1/C

staff. Early attention to software maintainability and the

subject of software re-usability ig also verVY important,
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in ADP Security is increasingly important to all
organizations.

The government has =set up a detailed hierarchy of
functions responcsible for ADP Security. These functiocns
include the ADP Security Officer (AS0), Computer Systems
Security Officer (CSS0O), and Terminal Security Officer (T30)
rpersonnel designated by each command. The I/C s the logical
functional area that would normally host these special ADP

Security pocsitions.

F. I/C CONCEPT

The concept or role of the I/C ic mainly as a core of
expertise, knowledgeable in ADP from many aspects: hardware,
software, data bases, data base management systems, and
security.

Froblems involved in the I/C concept are: unfamiliar

corganizational structure, lack of definitive percsaonnel

classificaticen, lack of management's knowledge and under-
standing of the complexity of hardware, csoftware, and
coftware engineering consideraticons.

The I/C is a concept that is designed to br{dge the a3ap

between the economics of a centralized information center and

a diversified set of wusers who have numerocus problems,

L) questions,y, and requirements for the utilization of modern ADP

I R $FYEEIS

equipment.
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- An example of a typical 1/C facility would be compriced
of a large mainframe and/or ceveral minicomputersz,

1 cpecialized graphic dicsplaye, plotters, and intelligent data

terminals, which can be configured as 'stand-alone' =zvystems
1f required. A1l of these csystems cculd te networked intao a
common large <configuration wini through a communication
switching system, and coculd thues utilize a very important

advantage of a networlked systemy a data base wmanagement

system (DBMS).

E. DATA SECURITY

Certainly one of the more important functiaonz of an I/C

ic to track and maintain close control of data from the data K

csecurity aspect. This it especially true when operating fraom .
A

a DBMS and national security clascsified information could be

present as part of the data hbase. 3

Normally the I/C would also be involved in maintaining

ﬁi management information csuch 3s administrative data, as well
§ as the technical data used in the everyday product of the
E organization, Much of this information is privacy data and
L. must be controlled and protected from disclosure to
1 unauthorized uses.

ADP Security is a very severe problem facing both the

P private sector and government. Certainly maintaining an I/C

and maintaining a bank of corporate knowledge and expertise

NI

“wr

w

vy
T

16

CEA SR SR 2
.0t
LI TS

=ry
2

T e
L
L]
.
bt ]
"
3
t
4]
)
.
,
t
s
‘
.
.
1]
’




Rashl
L]

) i
L.

I it s

‘I"‘tv"Y

.'-'»'T s ing

t

ot el Anerat M kel et ol A e ettt gt e i "Rty o Bt A b i v i i S e S M A FoOETETS

gcervice classifications have not kept up with the computer
hardware/software revelution, especially in the software
engineering area. There is no formal classification in this
areay, and it is becoming ircreasingly evident that a highly
trained, highly motivated professional wmust be waintainsd in
this position in order to reap the true benefits of what a
modern MIS/IC can provide., At the present time, this functicn
ic being performed kY engineers and system analysts as a
callateral duty, and hence diluting the full capability that

is required.

D. EQUIPMENT AND FACILITIES

Under the general description of an I/C, a computer or
ceveral computers, possibly networited together, provide the
bacseline of the egquipment., The facility alsoc norwmally
requires an environmentally controlled 1labaratory. The I1/C
may or wmay not be co-located at a centralized computer
facility and could be one of the nodes on a decentralized and
networked system,

Actually, one of the most important functicne of the I/C
is not in its physical OP capabilities, but in the expertise
and bank of information available to users on all aspects of
data processing, equipment acquisition, and efficient use of
computer resources. This 1is especially true in this age of
individual ownership of microcomputers being used in

practically all! areat of the organization.
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: likely to have centralized computing. Arguments favoring -
- decentralizatiocn tend to focus on improved computing service

i for users.

The 1/C concept uces the best of both worlds 1in that
overall corporate policy is maintained and the advantagecs of
decentralized computing still maintained.

Also 1important in this recgpect is the core of expertisze
that 1is maintained in the 1/ which would otherwise te
diluted if each sub organization was to maintain their ocwn DF
staff.

The relaticonship between the use of an I/C as part of an

MI5 and the efficient operation of an organization 1ig still

not really known. Like an ecconemic analYsis, cne can daecument

- the cost functions <csuch as waste and abuse of duplicate

$ systems, but to accurately quantify the benefite and

advantagecs ig far more subjective in nature.

C. ORGANIZATION AND STAFFING
The I/C,y being solely a support corganization, should be a

staff function and functionally located within the organiza-

MR e e WY

‘ tion =0 as to allow as free access as possible to all sub-
b

L organizations,

>

3 , . . . .

) Staffing an I/C organization ig actually a much more

0 difficult problem than one would realize. There 1is great ’

demand for good DP professionals throughout industry. This is

e .

-
Pl

especially evident in the public sector. The government civil

-
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B. OVERALL MISSIION OBJECTIVES

Az in most arganizationz, the higher up in the managemsant
chain, the broader the view of the coverall miscsian ¢f the
activity. Each Departwent, Branch, or sub organization, that

requires data processing, cees thei cwn requirementes from an

independent view.

o If the utilizatien of ADF 1is to be more efficient, a
;‘ centralized view and percertion of the overall cbjective must
g. ke kept 1in focus. This can be becst accomplished within the

I1/C concept where top management can direct overall policy

- and directiony, and gtill wmaintain the advantagecs of lorcal

.

o .

4 data procescsing.

; . It wmust be emphacsized that the I/C 1ig <cet up 3= 3n
infcrmation center, a repository of experience, knowledge,

and current cstate-of-the-art concepts that are available but

not mandated on the ucsercs.

Should computing be centralized or decentralized™ This

questiacn, covered in-depth in an article by John Lesgslie King
- (Reft. S is dicscus=zed mor e thoroughly in csectian v,
-
4 . . .
3 Unfortunately, there 1s no easy ancswer. The real idicssue 1is
®
F_ control and who will control the DP rescurces, including DF
2 policy. The iscsues involved in centralization/ decentraliza-
-
. tion decicicone are deeply tied to the particular arganization
>O
b and how that crganization functions. Organizations with
-
1 centralized control andsfocr location of most activities are
>,, !
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graph (Figure 1.), [Ref. 4] =shows the reliance of computers

and software on today's workforce.
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Figure 1. Growth of Reliance on Computers and Software

With this heavy reliance on 1local data processing, the

user it faced with probleme such as: j
1. What hardware/software is required
2. 1Is the capability already in existence and available
3. What interfaces are needed '

4., What about data security

s it AdDS
LA
R S

These and wmany more questions are raised continuously

|

j throughout the organization and thus gives a valid reasan for

>

- an I/C being needed and developed.
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the true flow of infermation. This is the most important of
the detail work that mwmust be performed early in the
investigation pericd. An input-cutput analysic will alsoc be
used to document the required reports, documents, interactive
data sCreen displays, and other information system
requirements.

It is during thice initial investigation that major
system philocsophies are examined. The major questione of data
tharing, multiple user updates, frequency of data processing,
and data cecurity must be addresced. Part of this
investigation includes doing & Recurring Data Analysi=z. The
significance of recurring data analysis 1is that unnecescary
input and output data duplication can be detected. This leads
to a consolidation of data and in some cases, elimination
altogether., Redundant files can be located, which leads to
more efficient use of file media and hopefully suggests the
uce of shared data basez., [Ref. 9]

Frem this initial investigation, several impaortant
elements can be identified. First, a determination of the
major philgsophy of the MIS can be shown, iJe. a file
crientated system, a centralized data base system, a
decentralized cystemy, or a combination of each. Second, the
definition of expected or required system performance can be
documented. The third element 1is the documented commitments

required by management to develop the new MIS csystewm. This

26
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should =23lso addregs all the rescurces required idincluding

T

manpower, financial or budgeted resocurcecy and organizational
‘ changes,y, job titlesy, and ‘'charter' for the MIS/IC persannel,.

3. Feasibility Analvysis

From the initial investigations, interviews with

users, and general csystem performance requirements, a csystem
can be chosen that will best meet the requirementes at 2
reacsonable cost. The most essential tasks performed by a
feasibility amalycsis are: [Ref., 1013

a. The identification and description of candidate
configurations.

b. The evaluation of these candidate systems.

c. The celection of the bect of the candidate
systems.

It 4is during this feasibility analysis that major
system tradeoffs are invecstigated. Because of the previously
defined hardware and software constraints. The major csystem
elements are wel)l defined and known. The major areas to be
investigated are the configuration, location, and functicns
to be performed by the new MIS/IC.The impartan. considera-

tions are:

a. Per formance
1. Metworlking capability

2. Control

3. Flexibility

.
} 4, Growth potential
.
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5. Response time

6. Storage requirements

7. Usability
b. Costs

1. System development

~n

System maintenance

3. System operation
During the feasibility analysis, consideration must
be given not only to ASATD performance criteria, but just acs
important, the ability to network to cutside MIS systems such
as other departments within NAVAIRTESTCEN.

The question of centralization versus decentraliza-

P e Sk 20

tion continues toc be debated. Since the early davs of data

pProcessing, batch csystems have given way to modern
distributed data processing. This trend continues with the
modern powerful minicomputers that can be distributed and

networked into effective configurations. Now with the almocgt

f{ evolutionary Fraoliferatian of microcomputers, gxtreme

f? decentralization exists with considerable loss of network-

ﬁi ing, and difficult if not impossible utilizaticn of commaon

q

Ef data bases. }
L f
;? Of utmost importance to top management is the present ﬁ
t; day and future problem of efficient utilization of computer i
f_ resources. At the present growth rate, the hardware i
- capability will so far exceed the utilization capability of ﬂ
& .
¢ 5
; 28 :
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DP personnel that major emphasics wmust now be placed on those
software engineering principles that addrec=z= efficient
programming.

4. Study Phace Report

The Study phase vreport is a carefully prepared
document. It is a wmanagement-oriented report that mucst be
free of computer jargon so that it can be understocd by
senior managers wno may not have a computer-oriented
background. [Ref. 113]

The results of the feasibility study will be
precented and specific performance cpecifications outlined.
Not oanly is the csvystem described in its recommended
canfiguration, but a detailed wmilestone schedule is prezented
covering all phacecs of the development.

Included in this report dis the major underlying
constraints and premises that precipitated the receommended

configuration.

C. DESIGN PHASE

The design phace is the life-cycle phase in which the
detailed design of the system selected in the studyY phase is
developed. The performance specifications are expanded and
the details of the design are bacselined to include not anly
all the hardware and software required to develop the system,
but alsc the DP perscnnel who will develop the system and

maintain it once it goec operational. [Ref. 121
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It is during thiz phacse that the need and requirement for
an Information Center 1is documented. Also, the details of
staffing and final organizational changes are cutlined.

The decign phase addrescez the selection of those
functions that are toc be performed and also the Frersonnel
responsible to perform thosge functione. All conflicts
regarding the organization, staffing, respongibilities,
funding, and operation must be solved by top wanagement
before proceeding further.

The overriding factore that dictated the recommended
configuration mucst be wmade known and agreed uron by key
management within ASATD.

Important areasg that must be addressed are the
identification of <controcls (especially on input, and/or
modification or wupdating the common data hacses)y and the
question of security and authorization in working with the
specific data bases. The general Aquestion of ADP Security
must be addressed with both physical and software security
taken into account.

1. Detailed Decsign Schedule

The detaile of the MIS/IC system can now be finalized

with the main underlying principles of software engineering

being maintained. Thoce principles are:

a. Utilize dth generation coftware where poszible
and a modern DBMS with query languaa3ge
capability.

30
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b. Enccurage good programming practices such as J
cstructured programming.

c. Mawimize uece of high level proagramming language a
such as structured FORTRAN-77 and PASCAL faor ADF )
and ADA, for embedded computer =zoftwsare ]
developwment . )

d. Early attention to saftware maintainability. 4

2. Data Bace Decsign
As the number of data baces increacsey, the sclution to
the problems of maintaining and controlling thics data is with
the effective use of 3 data base management csystem. Data kzze
management cystems have three major functions:

a. Toe mwaintain the data tase independently from the
application programs that uee the data.

b. To provide a measure of data gecurity ] that ]
unauthorized users will not have access to the
data.

c. Tec be able to share data and to have common datsa
bases so as to reduce redundancy and waste af
valuable DP recsources.

The DBMS description of the data elements and the
relationships between the data elementcs in the data bace is
called the schema.

Four mwmajoer components are cammon to moet data hkaze
management <cvYstems. The first twoc are a data decscription
camponent and a datsa manipulatiaon component. A third

component is a query languasge. This is a simplified !
programming language that allows userz to specify the data
wanted and the format that will meet user informaticon needs.

. . 3 9
The querY language is easyY to use and typically requires cnly
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a few keyY wards to create a user output. It iz ecpecially

valuable in on-line systems where 3 ucser can cpecify the data

I through the terminal and see the recsulting cutput almost
immediately, The last component is a3 DBMS utility. It i= 3
ceries of programes used to create, back up, and restore the

E data base.

RPN W

Of extreme importance to any successful DBMS iz the

AP
Pan

Data Base Administrator (DBA). The DBA is the authority that

! regulates the DBEMS by controlling the data base schema and

subschemas and insurec the integrity and security of the data
for all the users., [Ref. 133] a

3. Design Phace Report

The design phase report ic one of the most impaortant R

items to be addressed by the analysis group. The design
gspecification is the technical core of the design phacse
report. It ie this document that wust have both top
management <csupport and support from the varicus branches

throughout ASATD.

The design specification has two major secticns. The
first section is on external design regquirement that relates h

to the interaction between the central computer complex and B

s s

cutside and/or distributed csystemes. The second section deals

with the internal design requirements. This is primarily the

L _BUARN

data baze design, network software, and software security.
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The following i a list of important external decign
considerations that will be addrescsed in the design repcort:
[Ref. 1413

a. System hardware configuration

b. Terminal/PC distribution

c. System interface requirements

d. Interface to communications system

e. Maintenance costs and contracts

f. Ownership and control of equipment

3. Location of distributed procescsing equipment
h. Networking scheme

i. ADP System Security

The internal design requirements coaver such topics

a. The data base management system
b. Data dictionary and schemas
c¢. Control and maintenance of data base
d. Passwords and data security
e. Programming standards
f. Documentation standards
9. Software distribution
h. Programming suppoart
1. In-house scftware development
Included in the design phacse report is the detailed

milestone chart of the design phase, as well as major
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milestones covering all gphases. An important idtem to be
included in this report ic DP staffing and overall personnel
training that must be addrezsed if the information csvstewm i:

to be effective.

D. DEVELOFMENT PHASE

The development phase is the third of the four life-cycle
phases. In the develcpment phase the computer based MIS/IC
system is developed to conform to the design specificaticons
and the agreed to <configuration approved in the desizn
report. [Ref. 1531

Since most of the hardware is presently inztalled, the
pPrimary emphasis is placed on the actual data base
development. Included in this activity 1is the testing that
must be done to wvalidate the data base and verify the
functionality of the data base concept with the branches of
the directorate.

1. Ccding and Inctallation of the DBMS

The DBMS software that will he wused in the
development of the MIS/IC 1is TOTAL. TOTAL ie¢ a wmodern
relaticnal data base system that 15 well known and very
capable of cupporting the directarate far the next several

years.

One of the major advantagecs of TOTAL 1ic the eace of

building and csetting up a data bace file, data dictionary,

34
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and appropriate data <ccreen dicsplave to be wuczed 1in the

input/output of the data values.

.-

Along with the basic DBM3 scftware, the paclkage

includes a Screen Formatter program to allow input/output of

data simplyY and eacsilyY, and a complete query language program
to generate lists, sorts, and various retrievals of data fram
the data base.

The TOTAL DBMS csoftware iz extremely flexible and

allows application proagarams to interact in the data bacses far

such things as 1initial 1lcading of the data bacse from a
FORTRAN file and alsc to re-format the output from the

retrieval file to any user's request.

. § T

-
s
[

. Implementation Planning

The process of bringing a developed ceystem 1into

L

operational uce it far wmore complex than anticipated. It
requires planning and attention to schedulecs, operaticnal

requirements, trainingy, and especially good communicaticon

tetween the MIS/IC developerz and all potential users of the

cystem.

The becst way to accomplish 3 good implementaticon is

AR RTSTRTRTRLGTREN | § RO

to produce an implementation plan and to assign
responcsibility for specific partz of the gplan tao cspecific

individuals or teams.
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2. Equipment Acguicition

Earlier in the 1ife cycle, fundamental eguipment
decisions were made. Alternative configuratione Wert e
evaluated and final overall esvstem configuration was decided
upon.

The principal equipment-related activities that wmust
be implemented are (1) <cite preparatiocon, (2 equipment
installaticn, and (3) hardware and coftware checlk-out,

4. Development Phase Report

At the conclusgion of the development phacse the
analysis group preparec a report and reviews it with the key
management rpersonnel and the principal users of the MIS/IC.
[Ref. 1613

At this time 311 major changes to the system will be
discussed and specific training will be scheduled.

At the end of thic development phase all appropriate
documentation will be available, including but not 1limited
to:

a. A TOTAL DBMS user's reference manual
b. 5Screen Formatter reference manual
c. T-ASK query language reference manual

d. Latecst version of FORTRAN-77 structured FORTRAN
manual

e. Complete set of MPX-32 cperating svstewm manuals
f. Cocumented procedures faor rvrequesting a data baze

g. Approved programming standards

W
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h. Approved documentation standards %
In the develcpment report will be plance and cost

\

C
schedules covering detailed milecstones of development phace, =
m3ajar wmilestones of all phacsesy and the changecver fglan.

Total system costs can now be finalized and a3 detailed cost

|

FaY-back csvstem deczigned.

E. OQPERATIONAL PHASE

oo
Al 4 o

The operational phaze follows the development phaze and

L

contains four major stages. Initially the new MIS/IC svstem

will be introcduced and explained with a series aof briefings.
This 1g actually part of the system changeover. MNeut, the
csystem enters the operation and rcoutine maintenance =tage.
Close attention muszt be paid toc assist users in utilizing the
new system and take full advantage of what a data btase zvstem
has to offer,

Thics is where the concept of the Information Center will
really wmake a Tlarge contribution. I/C percsonnel must be
available to answer guestions, ascsist users in solving their
own problems, zet up new data bagses, and assure that the new
system runs smoothly during this critical time,.

The I/C group must be able to respond to wmany change
requests. A very easY to use but formalized procedure must be

available at this time for users to request changes to the

system. A review process must be established and faithfully

[#Y)
~4
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followed to evaluate each change and mwmake an appropriste

YeEgrpoN

n

& back to the user.

Very early attenticn must be paid toc security during this
operational phase. The new MIS 1c eupected toc provide not

enly adequate irnput, procescsing, and ocutput controlz, Lut

alzo protection against wunauthorized dizcl

]

) s
csure of data, d
egzspecially classified or privacy data. Thic pratection chould
be a shared responsibility. This iec another area where the
1/C concept is extremely valuakle by setting guidelinec and
enforcing compliance of established security procedures.

Farmalized procedures for cystem backup nmust be in place )

and strictly adhered to. Nothing will jeopardize the

successful trarmsiticn faster than dissatisfied users who have

'"lost' their data due to factors beyond their contral.
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Iv. INDUSTRY TREMNDS

A. CENTRALIZATION vs DECENTRALIZATION

The following discuscian, talken primarily from the FKing

article [(Ref. 51, ewmphacsizes the fact that wanager=z have been

debating this 4questian for wany VYears. It i i

1y

[0}

€

m
x]

w

pe

relevant now, 3iven the advent of <emall and inexpencsive

microcomputers that have proliferated throughout WmIS

crganizations in the past ten vears. The wmajor gquestian has

been to determine what the appropriate arrangement andg ;

9

balance of user needs and the desire and need of management 7

to control both cost and uses. -]

The verYy rapid pace of change in technologyY and wmicro- -

computer proliferation helps sustain the centralizations X
decentralization debate. Thics is an important factor, but the

real debate 1ic rvooted 1in the basic questions of organiza- i

tional structure and functione required. }

1

When the term centralizaticn ic used in the data process- 3

ing sense, most managers think of phvyesical location or {

e

physical centralization of hardware. Actually centralizatiaon i

versue decentralization concerns the lacus of decicsion-wmaling -

activity in the organization. Centralizatiaon impliecs the ‘

>

concentration of decision-malking power in a cingle persan oF j

313 .
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small gracupy decentralization impliec that decizicnes 3re made
at varicus levels in the organization hierarchy.

There are many pros and cons of the two alternatives,
Centralization of control gives top management more control
over decisiong, whereas decentralization allowse lower level
managere discretion in choosing among options,

Centralization can capitalize on eccnomicz of scale and
Frecserves both organizational integrity and also decreaczes

the duplication of functions, therebyY decreasing overhead and

g waste.
Decentralization of functions 1is advantagecus when the
é, functions being performed require close cooperation with
acther units and tasks require greater worker interacticn and
less guidance.
One of the most common argumente favoring decentraliza-

tion 1s te focus not on econcomies, but on improved cowmputing

cervice for users.

The argument of centralization vercsus decentralization is

=

often discucssed in terms of efficiency versus effectiveness

The proponents of centralization argue that centralized

AR 'kvg

T" computing, oriented toward top-down control insures
= efficiency and cost effective computing to wusers. The
b .

?” proponents of decentralization argue that the greater
o .

3 productivity shown in decentralized systemes using a bottom-up
b

-

b

®x

I .
-

L
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programining philasophyY Erovidez greater effectivenessz, and
therefore improved service to users.

Now the question of cost hazs further aggravated the

argument becauce of the very Jlow cost of microcomputers

e ata

causing a trend in decentralizatiocn. The question is 1f this

new technology haes made decentralization affordable, why not

Y T

decentralize? Answers range from cstatementes that computer

Fardware iz only a fraction of the cost of data processing

8 y
a and that decentralization often wmweans fragmentation of *
. .
t‘ organizational activities that might otherwize be more .
> ]
. coordinated. 4
* '

The experience in mwanY o©rganizations aver the FEpacst
ceveral years suggests that decentralization entails

organizational changee that are 1likely to prove castly for

W TSR

twe primary reasons.
The first facteor 1is the expancsicon of computing activity
as wusers gain control of computer vrescurces. Of courcse, J

instead of decentralization through the use of minicomputers

PG

and microcomputers signaling the demise of the mainframe era,
it could zignal the beginning of an era in which both the

centralized and decentralized computing activities of the

IR W

organization grow dramatically,.

The cecond major factor csuggesting that decentralizatiaon

L of computing will increase computing costs arises from the

disruptione in organizational operations that often accompany

,
SEN WS VRO
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decentralization. Too cften decentralization cccures by
default as bkteleaguered data procecssing departiments s=simply

give userc permission to obtain their own systemes. This

approach iz often more castly in the long run 2= changes must
ke wmade to re-integrate computing operaticnz with tap
management decires and to restore cocordinaticen and planning
inte computer usage and activity.

In the argument far decentralizaticon, additicnal

conzideration must be applied when the csysteme are networlked

_ vice stand alone., If they are able to tap into network-wide
data bLaczes, conciderable additions]l computer power carn be

realized.

The fact is that networking is an immature technology and
manQ problems estill plague the industrvy. The primary
technical problems arise from the 1la: of <=tandards for
communicatione, file <=structures, databases, and orerating
systems.

The fundamental quecstion of whether to centralize or
- decentralize computing is wha will have control over

procurement, use, and management of the DP resources=.

q
7 Ac dicscuscsed, each alternative had advantaces and
I‘v
F drawbaclks., Extreme centralization Lkeeps computing activity q
. "
- and growth under control of the center. It can provide :
. ]
economies of scaley especially considering data Fprocessing }
rersonnel, and tends to track more <closely ith modern Q
. [
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:y methads and wmore importantly, modern software engineering R
\': . - . . s
. Fractices. On the other handy, extreme centralizaticn can .

result in too large a bureaucracy that fails to fully meet }

the needs of users.

Extreme decentralization provides greater flexibility in
exploiting new hardware technology and can build up
conciderable computer talent in the organization, The

drawbacks of extreme decentralization are that cveral]

n

organizational costs of computing are likely to rize., Perhaps=

most important for top management, extreme decentralization
can make it very difficult to keep computing activities in
line with arganizaticnal goals.

This is where the concept of an infarmation center ds
verY useful. If organized properly, the I/C will provide the
best of the two worlds., Management «can &till waintain
considerable control, but the I1/C group can facilitate and
assist ucetr s in procuring, using, and networking the
appropriate distributed procecssing eguipment, wmaking maximum
use of modern software engineering practice and utilizing
modern data base management sycstems for a truly integrated

organizaticnal-wide data procescing system.

B. THE INFORMATICON CENTER

. As microcomputers and user-friendly ccftware toaols for
non nDrP personnel proliferate, more institutions are

discovering that they need to support end-user computing.
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Some label their new strategy an “"Information Center",; cthers
attempt to incorporate it into their traditional applications
develogment process. QOf the two approaches, the Informaticon
Center concept is proving to be the wmore successful long-term
strategy. L[Ref. 171

In a well-organized center with a good DBMS, =zcome 70% of
the requests from end users can be csatisfied ucsing on-line
rerort generators and query language procescsing.

Another important didea 15 to cselect general-purpose,
easy-tc-uce software. Start with tocols that have the grestecst
versatility and add <specialized packages as the uzer
requirement develops. Many Information Centers are built
around three generic tvpes of software.

1. A fourth-generation language

2. Excellent support of a high level structured
programming language

3. A DBMS with query language capability

A fourth generation language is basically a language that
ie designed to improve scftware productivity, such as program
generators, which are systems for constructing programs out
of pre-existing pieces.

Various types of program generatore exist, such as gpro-
gram libraries, applications generators, and Very High lLevel
Languages (VHLL's),

Application generatore typically consist of a program

Yibrary which operates in a prestructured context, based on

44
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knowledge of a particular application area. The <structure
imposed by the particular knowledge domain allows users to
generate application programs simplYy by c=specif¥Ying cptions,
csequences, and parameters in a special applicaticn-ariented
language.

Automatic programming 1is also considered a part of the
fourth generation language capability. When a user specifies

hic desired infermation processing activity to an automatic

programming system, the <cystem automatically generzates a3
program which implements the speciticaticon.

The key idea behind the Information Center 1is end-ucer
= self-sufficiency. In mwmany organizations, the hacklcg of

applications has reached staggering proporticon-. It 1is neat

uncamman to hear of backlogs spanning three Years and longer.

. The Information Center provides an effective method for
cutting thrcocugh the backleag.

As a ceparate department within management informaticn

systems, the Infoermation Center iz chartered with the

responeibility of providing end-users with a means for

generating their own reports and developing their own

applications with user-friendly scftware tools.
There have been numerous gquestions raised on the purchase

{ and use of personal computers in many organizations. It i

w

generally agreed that thizs ic not nececsesarily bad, but it i

n

unfortunate if the impetus to go that way is a consequence of

>
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the failure to plan and imgp ement an effactive Informaticn
Center.

In defining the role of the Information Center in the
acguisition of microcomputers [Ref, 181, it muct be ewmphaczized
that the I C chcould perform more as 3 consultant and lezsz asz
a dictator. If the organization wante to share inforwmation
and to interconnect systemg, then the rcle of the I/7C to
provide guidelines and overzee procurements shoul be
followed.

The role of an effective 1/C in the oarganizational
acgquicsition of wmicrocomputers should not ke an adver=zarial
gne., But it clearly 1ie a job that requirez the datsa
processing professional to wear the hat of consultant,

manager, educator, even advccate. I/C managerey, armed with a

corporate acquicsition policy are apparently in a prime spot '

to extend their influence in their organizations.
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V. CONCLUSIONS

el e it

Thic paper has decscribed csome of the options management

hae in facing the staggering problems and benefite that are

. accompanying the information explosion. Alonga with the

extreme decentralization accompanying the influx ot

microcomputers, there is just as great a farce prescsing on
management to come up with a way to significantly increace
the software programming capability of their users. 3

This praoblem hac been stated by a number of prominent DF

cyetem profecscsionals who all are <cavying, basically, that
there ig going to be an extensive increacse in mwmillions of
ingtructions per second (MIP5) in the next few Yyears, and it

ie evident that the cscftware development dindustry today

cannot utilize this capability. If this increase in computer
power was programmed with today's programmer productivity, it
would require more than 30 millicon programmers in the United
States alone. This then 1is perhaps the most fundamental
problem that the computer industry must solve in the next ten

years.,

sl niond ok cfnniornt SRl oo

Basicallyy there are two wayYs of cclving this problem.

Advancees in new techniques with wmore universal compliance in
known modern csoftware engineering principles and the incor- b

L
poration of new management concepts which will further ]

efficient utilization of existing programming capabilities.
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The Information Center concept addresses the latter, btut
also makes great use of modern csoftware engineering
Frinciples as a major part of its structure.

As Barry Boehm pointe out..."significant software
productivity improvements are not achievable without the full
commitment of higher management"” [Ref. 41.

In pursuing improvements 1in software productivity, care
must be taken not to confuse wmeans with ends. Improved
software productivity is not an end in itself; it iz a means
of helping people better expand their own capabilities to
deal with data, infermation, and decisicnes.

This is exactly what an Informaticon Center 1is designed to
accomplish.

It is 16creasing1y evident that an arganization's
information system is becoming an impartant part of the total
ocrganizational resources that make up the organization.

A new 4generation of hardware and socftware tools exicst
todzy and are being developed for the future. Designed
specifically for the non-MIS person, thece tools incorporate
human factors to a much greater extent than ever before.

An information center may verY well be the key to forging
a successful relationcship with users during the 13980's. The
concept hac experienced good acceptance and success in many

varied activities and in many organizations.
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The eV to csuccecssfully ecstabkliching a center lieszs in a

carefully, well planned study, followed bY well-definsd

ocbjectives and realistic goals., Under this aprproach, the
rigsks to management and the cocrganizaticon are minimized, and

the chances far success 3re greatest,
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